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Evaluation of Fracture Toughness of Porous Ceramics
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The indentation fracture (IF) method, the single-edge precracked beam (SEPB) method, and the
single-edge V-notched beam (SEVNB) method were applied to evaluate the fracture toughness of
four kind of porous ceramics of SiC, Al,Os and Mg, Al SisO;s with porosity ranging from 37 to 439%.
The microstructures of these materials were composed of ceramics grains, glassy grain boundaries
and pores. Each grain was joined together with the glassy grain boundary phase. The IF and SEPB
methods were not applicable because both precracks and indenter traces were not visible. On the
other hand, the SEVNB method was applicable because the V-notch could be easily machined by
grinding. In the case of the SEVNDB method, the applied load versus back-face strain plots under four
point bending showed nonlinearity prior to the maximum load. The R-curve behavior was estimated
from the compliance change of specimens. The fracture toughness of porous ceramics was smaller
than that of dense ceramics, and increased with increasing crack extension. Since the stable crack
predominantly propagated along glassy grain boundaries, the K-curve behavior depended on the
loading rate and matrix grain size. The increment of R curve by grain briding got bigger for coarser
~grain sized ceramics.

Key Words: Porous Ceramics, Fracture Toughness, Indentation Fracture Method, Single-edge
Precracked Beam Method, Single-Edge V-Notched Beam Method, R-curve Behavior
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Table 1 Properties of porous ceramics

Mean . . Bending
. Porosity Density
pore size 5 strength
am B @ vpg)
SiC 41 37 1.96 11.1
AlL,O3(A) 1.3 43 2.26 30.3
AL,O4(B) 18 38 2.39 30.0

Mg,ALSisOy 25 43 161 130

—116 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

SHAEL T I v 7 A DS %I 1379

O, (B) X, F ¥R 12 4.7um & 72um @ ALO, ¥ F T
TRNETNER I NS, —H, Mg, ALSiO i3, BEY
Ipm OB 20— KL F & FHIRIEE 143um O KB F
BERELIRETHER S W, —XREFRIOSKALEIRY
3pm T, R VIR LAKABRBE R FRIOZT % %
RERL T3, 28, WFROMBRM b FRIZY 5
AHD TOREED SN, HETIEE T,

2:2 ERABIUVRIERMERSE  wEan
ABRIL, IF ¥, SEPB#: & SEVNB # D =5 0 58k
HEICEDIT-> %, IF# & SEPB & @ %, JIS
RI1607 i #HL T 3mm, E & 4mm, £ 40 mm
DHMITHEBRF 2wz, IFHER, 574 ¥ P

10pm

. ] MgZAlsou

)

[ —
150um 300um

Fig.1 Microstructures of porous ceramics
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g.2 Distribution in grain diameter of porous
ceramics
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Fig.3 V-notch in SEVNB specimen of porous SiC
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Fig.7 Micrograph of Vickers indent in porous
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Fig.8 Appearance of the SEPB specimen stained
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Fig.11 Fracture surface of porous SiC
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Fig. 12 R-curve behavior for porous SiC
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Fig. 14 R-curve behavior for porous SiC in water
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Fig. 19 Applied load vs. back-face strain relation
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Fig. 21 Fracture surface of porous Al,O,(B)
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Fig. 23 R-curve behavior for porous Mg,Al1,Si50,4
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Fig.24 Fracture surface of porous Mg,Al1,Si;01
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Fig.25 Relationship between crack extension da and
grain diameter d for porous ceramics
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